The problem of diffraction of waves due to plane harmonic SH-waves incident normally on a line crack situated in an infinite micropolar elastic medium has been considered. The solution of the problem is obtained for both low and high frequencies for small coupling parameter. The stress-intensity factors in micropolar elastic medium have been derived. The stress-intensity factor for such problem in an elastic medium can be deduced from results obtained in this paper. It is also found that the effect of micropolarity in the propagation of waves is more significant in high frequencies than low frequencies.
Introduction
In classical theory of elasticity the micro-structure of a material is not taken under consideration for studying the mechanical behaviour of the material due to external stimuli. But discrepancies are observed in classical theory and experimental results while studying the stress concentration in the neighbourhood of the holes and cracks, specially in the material containing laminates, granules, fibres. The discrepancies indicate that material response to external stimuli depends on the motions of inner-structures and so the study of micropolar elastic medium is necessary. Eringen and Suhubi (1964a,b) have developed micropolar theory of elasticity. Many problems of waves and vibrations of micropolar elasticity have been discussed by many authors. Smith (1967) studied the problem of wave propagation in micropolar elastic solid. Parfitt and Eringen (1969) studied the reflection of plane waves from the stress-free flat boundary of a micropolar elastic half space. Khan and Dhaliwal (1977) obtained the general soluation of equilibrium equation for a micropolar elastic half space with stress-free boundary condition. Atkinson and Leppington (1977) studied the effect of couple stresses on the tip of a crack. Eringen (1999) 0020-7683/$ -see front matter Ó 2006 Elsevier Ltd. All rights reserved. doi:10. 1016/j.ijsolstr.2006.11.010 studied the propagation of Rayleigh waves in micropolar elastic half space for small coupling parameter, while Midya (2004) studied the propagation of Love waves in micropolar elastic media for small coupling parameter. Paul and Sridharan (1980) studied the disturbance due to penny-shaped crack subjected to uniform constant tension in a homogeneous micropolar elastic medium. Recently Yavari et al. (2002) investigated the problem of fractal cracks in micropolar elastic solids. But the diffraction of waves from line and penny shaped crack in micropolar elastic medium have not yet been studied either in low or in high frequency domain. In this paper the problem of diffraction of SH-waves incident normally on a line crack in micropolar elastic medium has been studied in both low and high frequency domain. However the soluations in both cases have been obtained assuming the value of the coupling parameter of the medium is small. It should be mentioned here the coupling parameter is less than unity for micropolar elastic medium (Eringen, 1999, pp. 163-166) .
The present problem of diffraction of normally incident SH-waves in an infinite micropolar elastic medium reduces to the problem of solving one pair of dual integral equations involving two unknown functions. Thus the problem is similar to diffraction problem of elastic waves of classical elasticity but with the difference that instead of dual integral equations involving an unknown function, in micropolar medium, one has to solve a pair of dual integral equations involving two unknown functions. These equations are then reduced to two integro-differential equations which are solved by iterative procedure.
Formulation of the problem
In rectangular Cartesian co-ordinates, let a two-dimensional line crack occupy the region ( Fig. 1 
Let a plane harmonic SH-wave originating at z = À1 be incident normally on the crack face. We wish to investigate the diffraction field in presence of the line crack. Assuming plane-strain, following Eringen and Suhubi (1964a,b) , the equations of motion for micropolar elastic medium in absence of body forces and body couples can be written as
where (0, V, 0) and (W 1 , 0, W 3 ) are the displacement and micro-rotation vector components along the co-ordinate axes and k, l, k, a, b, c are material constants, q is the density, j is the micro-inertia of the medium. The solution of this type of diffraction problem is reduced to the problem of finding the solution of Eq. (1) in the half plane z P 0 subjected to mixed boundary conditions. The proper boundary conditions of the scattered field for the proposed problem are 
s ðiÞ zy þ s ðsÞ
where superscripts i and s represent incident and scattered field.
Solution of the problem
To solve this problem we introduce potentials /, w defined as
(1) if we neglect the term of order k 3 . Using the solutions of (9) and (10) and utilizing the boundary condition (4) the displacement, micro-rotation and stresses associated with the scattered field required for the problem can be written as
where
It should be mentioned that for small k, Q 1 , Q 2 , Q 3 , Q 4 , Q 5 are small and tend to zero as k ! 0. Utilizing the boundary conditions (2) and (3), we get
and from the boundary conditions (5) and (6), we get
To solve the equations, let us set
so that
Hence Eqs. (20) and (21) are identically satisfied and other two equations reduce to
where we have used the well-known relation
and as H
0 fk m jx À sjg has a singularity at s = x, therefore we use asterisk over the usual integral sign because the integrals are now to be treated as Cauchy Principal Integral.
Case I: Solution in low frequency domain
For Low frequency approximation we expand H ð1Þ 0 fkjx À sjg in ascending powers of x as
Substituting (29) in (26) and (27) and expanding J 0 {k m jx-sj} in series, we note that Eqs. (26) and (27) can be reduced to integral equations of Carleman's type (Tricomi, 1957) , but these equations can not be solved by the usual method of solving this type of integral equation due to the terms like ðD 2 x þ k 2 m Þ outside the integral sign. But the solution of Carleman's type of equations, which contains the factor, ð1 AE sÞ À 1 2 suggests that we may try to set
and construct an iterative procedure to obtain the solution of Eqs. (26) and (27) since R Ã1 À1 log jx À sjs n ffiffiffiffiffiffiffiffiffiffiffiffi ffi 1 À s 2 p and R Ã1 À1 jx À sj n s n ffiffiffiffiffiffiffiffiffiffiffiffi ffi 1 À s 2 p ds are polynomials in x. Using the results of these integrals, we get
0 fk m jx À sjgf 1 ðsÞ ds ¼
0 fk m jx À sjgf 2 ðsÞ ds ¼
where A n (k m ), B n (k m ) are functions of k m and are given in Appendix A. Substituting these values in (26) and (27) and performing the necessary differentiation and equating the coefficients of x n (n = 0,1,2,. . .) and retaining terms up to the order k 4 , it is noticed that a 2n+1 = b 2n+1 = 0, and
As Q 0 m sðm ¼ 1; 2; 3; 4; 5Þ are small order quantities and tend to zero as coupling parameter k 2ðlþkÞ tends to zero, therefore Eqs. (34) and (35) can be solved by standard iterative procedure. Solving these equations by iterative procedure, we have
and
where M(k m ) = log 2 + p(k m ), p(k m ) is defined in (30) (m = 1, 2, 3)
Let us now calculate s zy and m zz on z = 0 for jxj > 1. From (25) and (31), we have
At low frequency k m is small. Therefore we can take
Substituting (38) in (17) and (18) and utilizing above relations we get for small coupling parameter
where we have used the results of Vladimirov (1979) .
Substituting the values of a 2n , b 2n (n = 0, 1, 2, . . .) and simplifying, we obtain the stress-intensity factors as
ffiffiffiffiffiffiffiffiffiffiffiffi ffi
N c 1 and N p 1 correspond to classical elastic part and micro polar elastic part of stess-intensity factors, respectively, which are given by
where e = ip À 2c + 4 log 2 + 1 As k ! 0, we have which agrees with the existing result of classical elasticity (Mal, 1970 (Mal, , 1972 upto order ðk 02 2 log k 0 2 Þ 2 and in that case N 2 tends to zero. This is also evident since the coupling parameter k=2ðl þ kÞ tends to zero as k ! 0.
The stress-intensity factors (41) and (44) x 2 ¼ 0:05 and c j ¼ 3l 2 . It is evident from Fig. 2(a) that (i) the SIF N 1 increases with the increase of k 0 2 and becomes maximum in the nbd. of k 0 2 ¼ 0:8 and then decreases. (ii) The SIF decreases with the increase of the value of k i.e. with increase of coupling parameter, but the values always remains smaller than the corresponding values of SIF for classical elasticity (e = 0). (iii)The micropolarity of the medium reduces the value of SIF.
The nature of N 2 is similar to N 1 . The displacement and micro rotation along the crack face (i.e., z = 0, jxj < 1) are obtained as
Amplitude of the displacement A(V (s) ) and micro-rotation component AðW ðsÞ 3 Þ along crack face for incident SH-wave field are plotted in Figs. 3(a) and (b) for various values of k 0 2 . However in this case A(V (s) ) increases with the increase of values of k but the value for micropolar medium is always greater than that of classical elastic medium (e = 0). But AðW ðsÞ 3 Þ decreases with the increase of the values of k. Þ is plotted along the line of the crack-face for different k 0 2 and e.
Case II: Solution in high frequency domain
where Y, Z, l, l 0 , m, m 0 are dimensionless quantities but n is of the order k 2 m and
Let us now calculate s zy and m zz in z = 0 for jxj > 1. We substitute the values of R 1 (n) and R 2 (n) from (25) and (48) in (17) and (18). We change the order of integration and the integrals are evaluated by Contour integration on Complex n -plane with proper branch cuts due to branch points [Appendix C]. Then the integrals w.r. to s are evaluated for large k m by the usual method and finally, we have
where Q 0 1 ¼ ÀQ 1 , Q 0 2 ¼ ÀQ 2 , Q 0 3 ¼ Q 3 , Q 0 4 ¼ ÀðQ 4 À Q 5 Þ, Q 0 5 ¼ Q 4 , Q 0 6 ¼ ÀQ 5 . Substituting the values of A, a 0 , a 2 , a 4 and B, b 0 , b 2 , b 4 and simplifying, we obtain the stress-intensity factors as
ffiffiffiffiffiffiffiffiffiffi ffi x AE 1 p ðs ðsÞ zy Þ z¼0 Þ is plotted along the distance for different e and k 0 2 ¼ 20.
